. In the major soybean-growing areas of the Midwest, the most competitive population of B. japonicum is that of serogroup 123 (4, 7, 11, 16, 17). If improvement in the dinitrogen-fixing capacity of the soybean-B. japonicum symbiosis through application of superior strains is to be realized, then the difficult problem of competition from indigenous populations (such as that from serogroup 123) must be solved.
Twenty recently obtained field isolates of Bradyrhizobium japonicum serogroup 123 were tested for their nodule mass production on the standard commercial soybean (Glycine mtar (L.) Merr. cv. Williams) and on two soybean plant introduction (PI) genotypes previously determined to restrict nodulation by strain USDA 123. Four of the field isolates showed similar restricted nodulation on the two genotypes, while all 20 isolates produced a normal amount of nodules on G. max cv. Williams. Serological analyses with adsorbed fluorescent antibodies showed that members of the 123 serotype ranked low in nodulation of the two PIs, in contrast to members of serotypes 127 and 129. Competition studies on the PIs indicated that isolates which were restricted were not competitive for nodule occupancy against strain USDA 110. However, unrestricted isolates of serogroup 123 were very competitive against USDA 110. On G. max cv. Williams, all serogroup 123 isolates tested were very competitive against USDA 110.
In most soils of the United States where a soybean (Glycine max (L.) Merr.) crop has been grown there exists an indigenous population of the homologous root nodule bacterium Bradyrhizobium japonicum. These indigenous bradyrhizobia are usually excellent competitors for nodulation of soybean in comparison with applied inoculant strains (9, 10, 20) . In the major soybean-growing areas of the Midwest, the most competitive population of B. japonicum is that of serogroup 123 (4, 7, 11, 16, 17) . If improvement in the dinitrogen-fixing capacity of the soybean-B. japonicum symbiosis through application of superior strains is to be realized, then the difficult problem of competition from indigenous populations (such as that from serogroup 123) must be solved.
Significant efforts have been made to understand and alter the competitiveness of indigenous bradyrhizobia. Johnson et al. (13) , Kapusta and Rouwenhorst (14) , and Weaver and Frederick (22) were able to alter soybean nodule occupancy ratios of indigenous versus applied bradyrhizobia; however, this was only achieved by using ultra-high (and economically unfeasible) rates of application of the applied strain. In a 7-year study, Dunigan et al. (6) demonstrated that the inoculant strain USDA 110 eventually formed the majority of nodules after high rates of application in the first 2 years (serogroup 123 was not among the indigenous population). However, the tenacious competitive ability of serogroup 123 does not appear to be related to numbers per se (17) , and when normal rates of inoculum are applied, the indigenous serogroup 123 population can still form up to 95% of the nodules on soybean.
Recently Based on the results of experiment 1, the following isolates were chosen for inclusion in the competition experiment: SD6-lc and MN6-lb from the low nodulation class, SC2-3c and IA3H2-8 from the medium nodulation class, and AK1-3a and MN1-lc from the high nodulation class. On PI 371607, the inoculant strain USDA 110 significantly increased nodule mass when it was applied in competition with strains of the low nodulation class SD6-lc or USDA 123 compared with the mass produced by these strains alone ( 302A  217A  222A  AK1-3a  257AB  183AB  172A  MN1-lc  250A-C  196AB  228A  AK1-3a + USDA 110 217B
aValues within a column not followed by the same letter differed significantly at the 0.05 probability level, as tested by the Duncan new multiple range test.
110 formed less than 7% of the nodules in each case. The marked influence of the host genotype on competition was seen by comparing this with results obtained with PI 371607. Here, the strains in the low nodulation class (USDA 123, SD6-lc, and MN6-lb) were not competitive against USDA 110, the latter forming 72 to 85% of the nodules. The serogroup 123 isolates in the medium and high nodulation class were able to successfully compete against the inoculant strain. This same pattern was found in PI 377578, although strain MN6-lb did compete on an almost equal basis with USDA 110, in contrast to the two other low nodulation class isolates which were not competitive with USDA 110.
The plant nitrogen response in experiment 2 is shown in Table 4 . Strain USDA 110 gave a nitrogen response, through increased symbiotic nitrogen fixation, when in competition with the low nodulation isolates (MN6-lb, SD6-lc, and USDA 123) on PI 371607. While the same pattern was apparent with PI 377578, the differences were not statistically significant. By contrast, no response was seen with G. max cv. Williams soybean because none of the isolates were significantly different from each other or USDA 110 in influencing total nitrogen accumulation. DISCUSSION We-have previously reported (3) (19) reported a more complete characterization of the three serotypes, elevated their serological status to the serogroup level, and proposed that the traditional serogroup be termed serocluster 123. They noted that it will be important to learn about differences in competitiveness among members and to determine if this is related to antigenic determinants. The differences that we report here in competitiveness relate to restricted nodulation ability on specific host genotypes. Of the 20 serogroup 123 isolates used in this study, 4 were restricted in their nodulation on the two PIs used. Three of these four were members of serotype 123 (the other one was unidentifiable at the serotype level). Recognizing that this is a small test sample, our findings indicate that the mechanism responsible for restricted nodulation is related to antigenic determinants. More isolates will need to be tested to substantiate this possibility, including similar tests with serotype 127 and 129 isolates on any genotypes found to restrict their nodulation. Restriction of a group of strains with common antigenic determinants is suggested in the case of the Rj2 gene, which specifically restricts nodulation by all members of serogroup 122 and some members of serogroup 6 that have been tested (2) . Finally, the study of specific nodulation interactions in the bradyrhizobia-soybean symbiosis offers the possibility of altering competition in favor of highly effective inoculant strains, and provides well-defined partners for elucidation of important mechanisms.
